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(57) A catalyst comprising (a) a complex of Group 8 
to 10 transition metal of the Periodic Table, (b) clay, clay 
mineral or a ion-exchangeable layered compound, and 
(c) an amine compound or its adduct with Br<|>nsted acid; 
a catalyst comprising (a) a chelate complex of Group 4 
to 6 transition metal of the Periodic Table or a complex 
of Group 8 to 10 transition metal of the Periodic Table, 
(b) clay, clay mineral or a ion-exchangeable layered 
compound, and (c) a quaternary ammonium salt; and a 
catalyst comprising (a) a complex of Group 4 to 6 tran- 
sition metal of the Periodic Table or a complex of Group 



8 to 1 0 transition metal of the Periodic Table and a co- 
catalyst component produced by contacting (b) clay, 
clay mineral or a ion-exchangeable layered compound, 
(c) an amine compound, its adduct with Br<|>nsted acid 
or a quaternary ammonium salt, and (d) an organosilane 
compound. Since these catalysts show high oligomeri- 
zation activity of ethylene, a-olefins can be efficiently 
produced with low costs from ethylene. By using the cat- 
alysts, vinyl-terminated, linear a-olefins (oligomers) 
having a molecular weight of 1 0000 or less or polyolef ins 
having a molecular weight exceeding 1 0000 can be also 
produced efficiently with low costs. 
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Technical Field 
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Technical Field 

15 for producing vinyl polymers. 

involves a drawback of a low activity. oliqomerized to a-olef in using a transition metal complex 

00051 Recently, proposed is a process m which ^^^^Lpourt such as aluminoxane, etc. or a boron- 
EE main catalyst and an oxygen-containing ^^^^^l For example, European Patent No. 
containing compound such as perfluorotetraphenyl a metallocen e complex having Zr as the central 

36621 2 proposes a process using a metallocene ^J**^ 9 ^ because the oxygen-containing compound 
atom and an aluminoxane. However, the activrty p. ^^^ or more with respect to the mair , cata yst. In 
such as aluminoxane should be used several ™«™° ™ e y nenyl borate ,s very 

addition the preparation of the boron-conta.n.ng "^^ ^ ence 0 f an iron chelate complex (Chen.. 

[00061 « been kn0W f ° Und ,h3t ethy 'f " havi " 9 3 tridentate ,l9and h thin 

Commun., 1 998, 849-850). This document reports **™J™ZZww to ethylene when combined.y used w,th an 

S centra, metal via nitrogen atoms the terminal selectivity. However, the proposed 

aluminoxane co-catalyst, and the ^^^^^^j^ and the poor efficiency per 
nmcess is still insufficient due to the use of expensive meiny complex and an aluminoxane, developed 

loom Metallocene catalysts comprising a c — 

as an olef in-polymerization catalyst, have been widely ^ns.dered- Ho meta „ oce ne complex. To eliminate this problem, 
Se=^ 

[iooo] Accordingly, an object of the present mvent on ^ ^ ^ as tne co . catalyst , and a process for 
cMa°»atash 9 alam>adxaaaaadpr.vldaa^ 
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[0011] 



a novel catalyst comprising (a) a complex of Group 8 to 1 0 transition metal of the Periodic Table, (b) a clay, clay mineral 
or ion-exchangeable layered compound, (c) an amine compound or its adduct with Brcjmsted acid, and optionally (d) 
an organometallic compound is effective for oligomerizing ethylene to oc-olefins. 

[0012] The inventors have further found that a novel catalyst comprising (a) a chelate complex of Group 4 to 6 
5 transition metal of the Periodic Table or a complex of Group 8 to 10 transition metal of the Periodic Table, (b) a clay, 
clay mineral or ion-exchangeable layered compound, (c) a quaternary ammonium salt, and optionally (d) an organo- 
metallic compound is effective for polymerization of olefins. 

[0013] The inventors have still furtherfound that a catalyst containing a co-catalyst component prepared by contacting 
(a) a clay, clay mineral or ion-exchangeable layered compound, (b) an amine compound, its adduct with Br^nsted acid 
10 or quaternary ammonium salt and (c) a silane compound is effective for producing vinyl polymers. 
[0014] The present invention has been accomplished based on these findings. 

[001 5] Thus, in a first aspect of the present invention, there is provided a catalyst for producing a-olefins, comprising 
(a) a complex of Group 8 to 10 transition metal of the Periodic Table, (b) clay, clay mineral or a ion-exchangeable 
layered compound, and (c) an amine compound or its adduct with Br<j>nsted acid. 

is [0016] In a second aspect of the present invention, there is provided a process for producing a-olefins, comprising 
a step of oligomerizing ethylene in the presence of the catalyst for producing a-olefins mentioned above. 
[0017] In a third aspect of the present invention, there is provided a catalyst for polymerizing olefins, comprising (a) 
a chelate complex of Group 4 to 6 transition metal of the Periodic Table or a complex of Group 8 to 1 0 transition metal 
of the Periodic Table, (b) clay, clay mineral or a ion-exchangeable layered compound, and (c) a quaternary ammonium 

20 salt. 

[0018] In a fourth aspect of the present invention, there is provided a process for polymerizing olefins, comprising a 
step of oligomerizing ethylene in the presence of the catalyst for polymerizing olefins mentioned above. 
[0019] In a fifth aspect of the present invention, there is provided a co-catalyst component for polymerizing vinyl 
compounds, produced by contacting (a) clay, clay mineral or a ion-exchangeable layered compound, (b) an amine 
25 compound, its adduct with Br^nsted acid or a quaternary ammonium salt, and (c) an organosilane compound. 

[0020] In a sixth aspect of the present invention, there is provided a catalyst for polymerizing vinyl compounds, 
comprising (d) a complex of Group 4 to 6 transition metal of the Periodic Table or a complex of Group 8 to 1 0 transition 
metal of the Periodic Table and (e) the co-catalyst component mentioned above. 

[0021] In a seventh aspect of the present invention, there is provided a process for producing polymers of vinyl 
30 compounds, comprising a step of polymerizing at least one vinyl compound selected from the group consisting of 
olefins, styrene, styrene derivatives, acrylic derivatives and vinyl esters of fatty acids in the presence of the catalyst 
for polymerizing vinyl compounds mentioned above. 

Best Mode for Carrying Out the Invention 

35 

(1 ) First embodied catalyst 

[0022] The first embodied catalyst of the present invention is a catalyst for producing a-olefins comprising (1-A) a 
complex of Group 8 to 1 0 transition metal of the Periodic Table, (1 -B) a clay, clay mineral or ion-exchangeable layered 
40 compound (hereinafter may be simply referred to as "clay, etc."), and (1-C) an amine compound or its adduct with 
Brc|>nsted acid. 

[0023] The catalyst for producing a-olefins may further contain (1 -D) at least one organometallic compound selected 
from the group consisting of organoaluminum compound, organomagnesium compounds, organolithium compounds 
and organozinc compounds. 

45 [0024] The term "a-olefin" referred to in the present invention is an oligomer having a molecular weight of 1 0,000 or 
less and an end vinyl group. The "a-olefin" is different, in its properties and application fields, from higher molecular- 
weight ethylene polymers showing properties typical for usual high-molecular polymers. Therefore, as compared with 
the catalyst for producing typical high-molecular polymers, the catalyst for producing a-olefins is required to have 
variant performance, and a catalyst for producing typical high-molecular polymer is not necessarily applicable to pro- 

50 duce a-olefins. 

[0025] The components (1 -A) to (1 -D) are specifically described below. 

Component (1-A) 

55 [0026] This component is a so-called main catalyst and may be selected from a wide range of complexes of Group 
8 to 10 transition metal of the Periodic Table. 

[0027] Preferred complexe of Group 8 to 10 transition metal of the Periodic Table may include metal complexes 
represented by the following formulas (1 ) and (2): 
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L L MX m Y n 



L 1 L 2 L 3 MX 1 m Y 1 n (2) ' 



hydrogen; halogen <uoh as fluonne, ohlohne and »*«<W ' "'^^oTTa.koxys.ichasmelhoweffiox,, 
ethyl rW™pyl*u1>repyl,ayeluuae,^l,oyolohe^ 

group. ^thocimnfmandnisO 1 2 or 3 depending on the valence of M. 

Shose having a Line ligand represented by the fol.owing formula (3): 



R 1 



R 



4* 



0 



t . Hho porinriir Table- R 1 and R 4 are each independently C^o aliphatic 

sum of m and n being 0, 1 , 2 or 3 depending on ^^«™^b6 in the formula (1). Specifically, M is particularly 
t^W^-V™^^ 

cyetoalkyl audit as methyl, athyl. n-propyl, raopropyl "^^^Swl may have a editable substitoent such 

P— * «• - "J ™V ^ZZ££ZXZ£Z« btandhed a.ttyt, C, 20 eydlo*,, 
100351 hydtooarddn grdup tor R* and P P ma a^uda C, ^ 9 ^ k>1 m M ^ 

aryl. C aryla.kyh Example r to, C,.„ «g» *«J m „ t u y , naphtny ,. eto. C,.„ atylalltyl may be 
S^S**"*^ W ™° bHha sa™ S di'lterenl from .Lh other, end may be bonded to eaoh other to 
S rt 1U=»«eaemp 1 eae<m.damp,e««*t^ntodbymetomtou,,3,=ne,he«abeto„ 



10 



15 



N 



CH 3 
CH 3 



[ll 



(CH 3 ) 2 CH'9^CH(CH3) 2 



CH 3 -^=N.. 



(CH 3 ) 2 CH 




•CH 3 
. 'CH 3 

CH(CH3) 2 
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<CH 3 ) 2 CH'^^CH(CH 3 ) 2 

- Ni< CH 3 
(CH3) 2 CH ^^^CHCCH^ 

[3] 



(CH 3 ) 2 CH''9^CH(CH 3 ) 2 



CH 3 
H 



CHa-^N'' 
(CH 3 ) 2 CH ^^CHCCH-^ 

[5] 



(CH 3 ) 2 CH'^^^CH(CH 3 )2 
r^-- -CH 3 



C: 



,Ni< 



H 



[4] 



(CH 3 ) 2 CH'^^CH(CH 3 ) 2 

(CH 3 ) 2 CH V ^^CH(CH 3 ) 2 
[6] 




CH 5 
H 
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(CH3) 2 CH^^CH(CH3) 2 



c 



N 



•H 



(CH3) 2 CH^^CH(CH 3 )2 
[7] 



(CH^CH-M^CHCCH^a 



CHa-^N'' 



"H 



(CH3) 2 CH^.CH(CH3) 2 
[8] 




(CH3) 2 CH-V"CH(CH3) 2 



till 



(CH 3 ) 2 CH'^"CH(CH3) 2 

CH 3 ^N 
(CH3) 2 CH^X^CH(CH3) 2 

tl2] 



complex having coordinating ^^^'^^^^ 9^72,^^0^296^ 
the following formula (4): 




wherein M is a Group 8 to 1 0 transition metal of the Periodic Table; R 5 to R 11 , which may be bonded to each other to 
15 form a ring structure, are each independently hydrogen, halogen, hydrocarbon group, substituted hydrocarbon group 
or hetroatom-containing hydrocarbon group; X 1 and Y 1 may be the same or different and are each a covalent- or ion- 
bonding group; m and n are each 0 or a positive integer and the sum of m and n is 0, 1 , 2 or 3 depending on the valence 
ofM. 

[0039] In the above formula (4), R 5 to R 11 are each independently hydrogen, halogen, hydrocarbon group, substituted 
20 hydrocarbon group or heteroatom-containing hydrocarbon group. Halogen may include fluorine, chlorine, bromine and 
iodine. The hydrocarbon group may be C^ 30 hydrocarbon group : for example, C^. 3Q straight-chain alkyl such as methyl, 
ethyl and n-propyl; C 3 _ 30 branched alkyl such as isopropyl, s-butyl and t-butyl; C^ 30 alicyclic hydrocarbon group such 
as cyclopentyl and cyclohexyl; and C 6 . 30 aromatic hydrocarbon group such as phenyl and naphthyl. The substituted 
hydrocarbon group may be C v30 substituted hydrocarbon group derived from the hydrocarbon group mentioned above 
25 by substituting at least one hydrogen with a substituent such as hydrocarbon group, halogen and hetero atom-con- 
taining hydrocarbon group. The hydrocarbon substituent may be the same as the hydrocarbon group mentioned above. 
The hetero atom may be nitrogen, oxygen, sulfur, etc. The hetero atom-containing hydrocarbon group may be alkoxy 
represented by -OR, amino represented by -NR 2 orsilyl represented by -SiR 3 , wherein R is hydrocarbon group men- 
tioned above. 

30 [0040] M : X 1 , Y 1 , m and n in the formula (4) are the same as defined in the formula (2). Preferred M is iron, cobalt 
or nickel. Preferred X 1 and Y 1 are halogen and C-,.20 hydrocarbon group, and chlorine and methyl are more preferable. 
[0041] Specific examples of the transition metal complex represented by the formula (4) may include iron or cobalt 
complexes having 2,6-diacetylpyridinebis(imine) ligand, 2,6-diformylpyridinebis(imine) ligand, 2,6-dibenzoylpyridinebis 
(imine) ligand, etc. Particularly preferred are iron or cobalt complexes having 2,6-diacetylpyridinebis(imine) ligand rep- 

35 resented by the following formula (5): 
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20 



25 



u , Q5 tn R 9 anc j R12 to R 21 are each independently 

ditrerem anu deDe nding on the valence of M. formula (4). 

l^oT it r1 and RiS *» of the formula (5) are the same as to of th ^orm ^ ^ ^ 

r00461 The following combinat.on of the substllueni ^ B ps and R 7 are a ll hydrogen; and/or R , R . » > • 
So47 R* and R 9 are each methyl «*^£%?J^L* methy., ethyl, propyl or iso propyl . pj*-* 
5,1. and tf» are a.l hydroge «^R'-.ndR «-J^ ^ selected fro m hal.de, mtnte and hydr 

both methyl or ethyl; and/or X 1 and Y are eac Namely whe nR- is a primary carbon group, 

^ —ing^^^ 

hydrogen. When R- is a tertia ry carb "8^^ 0 ° the formula (5) are particularly preferabie. 
r0049] The following comb.nat.ons of the suDStnu 

<a =15 me R 19 _R20 = hydrogen, and R^=R21 = methyl; 
R8 = R 9 = methyl, R« = R * = J" = " ° = oi 9 I R 20 = hydrogen, and R« = R 21 = ethyl; 
30 R 8 = R 9 = methyl. R 13 = R = « 15 = r1 ! = * „ " In !!L JL a nd r« = R 21 = isoprop 



R u = 


R15 = 


R18 ; 


RU = 


R15 = 


R 18 


RH = 


R15 = 


R18 


R14 = 


R15 = 


R18 
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q - H ny y „ _ ^ Die - r21 = trif luoromethy 

rs = rs = methyl, R 13 = 

IMM1 „ a„ y o. M *» co— X- and Y< - each pr.tera»* — * - - = " 

mnsn The transition metal complex represent y 

compound represented by the following formula (6). 




(6) 



with an amine compound 
55 are 



represented by H 2 NR 22 or H.NR* wherein R 22 and R 2 3 



R 12 R 13 R 17 R 



5 




10 The reaction may be conducted in the presence of an organic acid such as formic acid as a catalyst. The compound 
from the reaction is then reacted with a halide of transition metal M to obtain the transition metal complex of the formula 
(5). 

[0052] Any of the transition metal complexes of the formulas (1 ) and (2) may be used as the component (1 -A), and 
preferred is the transition metal complex of the formula (2). Also, the transition metal complex may be used alone or 
15 in combination of two or more as the component (1-A). 



Component (1-B) 

[0053] The component (1-B) is clay, clay mineral or ion-exchangeable layered compound. Clay is a substance com- 
20 posed of fine hydrous silicate minerals, and plastic when kneaded with a limited amount of water, hard when dried and 
sintered when burnt at high temperatures. The clay mineral is a hydrous silicate forming a substantial part of clay. 
Either of clay or clay minerals, which may be natural or synthesized, may be used for preparing the catalyst for producing 
a-olefins. 

[0054] The ion-exchangeable layered compound is a compound having a layered crystalline structure comprising 
25 stacked parallel layers of atoms bonded each other by ion bonding, etc. Each layers are weakly bonded and ions 
contained therein are exchangeable. Some clay minerals are ion-exchangeable layered compounds. 
[0055] Example of the clay mineral as the component (1-B) include phyllosilicate minerals such as phyllosilicic acid 
and a phyllosilicate. Natural phyllosilicates include smectite group such as montmorillonite, saponite, and hectorite, 
mica group such as illite and sericite, and mixed layered minerals of smectite group and mica group or mica group and 
30 vermiculite group. Synthesized phyllosilicate include TETRASILICON FLUORIDE MICA (Co-op Chemical Co., Ltd.), 
LAPONITE (Laporte Incustries, Ltd.) and SMECTON (Kunimine Industries, Ltd.). In addition, non-clay f ionic crystalline 
compound having a layered crystalline structure such as a-Zr(HP0 4 ) 2 T -Zr(HP0 4 ) 2 a -Ti(HP0 4 ) 2 and T -Ti(HP0 4 ) 2 
may be used. 

[0056] Other usable clays and clay minerals not classified into the ion-exchangeable layered compound include 
35 bentonite clay with a lower content of montmorillonite, Kibushi clay or gairome clay containing montmorillonite with 
other major components, fibrous sepiolite or palygorskite, and amorphous or low crystalline allophane or imogolite. 
[0057] The component (1 -B) is preferably in the form of particle having a volume average particle size of 10 urn or 
less, more preferably 3 |xm or less. The particle of the component (1 -B) preferably has a size distribution in which the 
volume average particle size is 1 0 uxn or less and the content of particles having a volume average particle size of 3.0 
40 ujn or less is 10 % by weight or more, more preferably a size distribution in which the volume average particle size is 
1 0 u,m or less and the content of particles having a volume average particle size of 1 .5 |xm or less is 1 0 % by weight 
or more. The volume average particle size and the content of particles of a given volume average particle size may be 
determined by a laser transmission particle size analyzer such as CIS-1 manufactured by Galai Production Ltd. 
[0058] Of the component (1-B), those having a high capability of adsorbing the (1 -C) amine compound or its adduct 
45 with Brcjjnsted acid described below or those having a high capability of producing an intercalation compound by the 
reaction with clay, etc. are preferable. For Example, clay and clay minerals are preferable. More specifically, the com- 
ponent (1 -B) is preferably phyllosilicate minerals, more preferably smectite, and particularly preferably montmorillonite. 



Component (1-C) 

so 

[0059] The amine compound is preferred to be bulky. Assuming that the bulkiness is expressed by a ratio of the 
number of carbon atoms to the number of nitrogen atoms, the ratio is preferably 10 or more, more preferably 18 or 
more. The preferred ratio can be achieved by increasing the number of carbon atoms of the hydrocarbon group. When 
having the same number of carbon atoms, aromatic hydrocarbon groups are preferable to aliphatic hydrocarbon groups 
55 because an improved activity can be obtained. The amine compound is more preferred to have two or more aromatic 
hydrocarbon groups. 

[0060] Examples of the amine compounds having a carbon atom number/nitrogen atom number ratio of 1 0 or more 
include aliphatic amines such as tributylamine, dicyclohexylamine, trioctylamine, bis(2-ethylhexyl)amine, tris(2-ethyl- 



9 



BMSDOCID: <EP 1 136122A1_I_> 



EP 1 136 122 A1 



sunn asWanzylpiparazinn. dibenzylamina and '^T^^^^^SS^ „Sroar»i,.lic amines 
m v M- n wMhylamln..«ph e nyi™te 4-phan,lpyddina 
spar, as ^rS^etr^n aSTare pUr£fe M» P- 

such as hydrochloric acid, sulfuric acid, etc. 
Component (1-D) 

num. tr»s»bur,lal»r»num and IrW-bulyla.uminara ha orjan or and .lumox- 

erable, and triisobutylaluminum is more preferable thecomDonent (1 -C) andthe optionally 

[0063] The amount ratio between the component (1 -A), the component (1 -B), thecomponent p o, 

usable component (1 -D) will be described. Qmnllnt n f 0 1 to 1000 umol, preferably 1 to 

[0064] The component (1-A) (transition metal complex) is ^^^^^m^i or its adduct 
5 00 Jno. per unit weight (g) of the component (■ I -B clay, e^. ^Z JZ weight (g) of the 

with Basted acid) is used in an amount of 0.001 to 2 mmol P"""* » gmount Qf g.01 to 

component (1-B). The component (1-D) (organometa lie ^P ou ^^~ onent (1 . D) may be used 

100 mmol, preferab.y 0.1 to 10 mmol per unit weight (g) of the W^tJ^^eompon^ ( J J ^ 
in an amount exceeding the above range, and the excessive portion J^^^^^ (1 _ C) (amine com- 
catalyst system by washing a slurry suspension 

^^^~o^Z^^^ ^ 0, me, per unit weight (g), the amount of 
the component (1-C) to be used is preferred to be less than 0.8 m*j. described below. 

[0065] The preparation method for the cata lys C) are cTnScte with each other in advance 

In a most preferred method, the component (1 -B) and the C ^^^^^T^Z impurities such as water 
to obtain a clay-amine composite which is then contacted with the clnt^Me component (^) 

containedinthec.ay-aminecomposite.Theresultantc^^ 

to obtain the catalyst. When prepared in such a manner the catalyst ; hows :VhB W^^J more of water and 
specifically, the component (1-C) is added to = n of the ^1 0 l C o 1 0^uL or more, preferably 
the mixture is stirred at room temperature P ^rTSqa slurry which is then filtered through a filter 
15 minutes or more, more preferab.y one hour or more, thereb ^ obtaining a ^slurry, wn ^ 

to obtain theclay-amine^^^^^ 

of improving the contact efficiency in the mixture. A n0 ™ gen ®° u ; . Qric acid An alcono) such aS methanol 

prepared by adding acid such as hydrochloric acid, sulfuric dried to remove the moisture 

and ethane, may be further added, if desired. The rT^^^ZSt^^^^ by contacting 

L^nlT^^ 
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containing group such as hydroxyl group, amino group, etc. Therefore, it is preferred to remove the compound having 
active hydrogen in advance from the contacting system using the component (1-D). The component (1-D) for this 
purpose may be used during either the preparation of the catalyst or the production of a-olefins. 
[0067] Next, the process for producing a-olefins of the present invention will be described. In the process of the 
present invention, ethylene is oligomerized in the presence of the catalyst optionally containing the component (1 -D). 
The method for oligomerization is not particularly limited and may be carried out by any known methods such as a 
solution reaction using a solvent, a liquid-phase non-solvent reaction using substantially no solvent, a vapor-phase 
reaction, etc. In addition, the oligomerization may be carried out in either continuous manner or batch-wise manner. 
As the solvent, if used, aliphatic hydrocarbon solvent such as butane, pentane, hexane, heptane and cyclohexane may 
be used. Of the above solvents, cyclohexane is particularly preferable because the deterioration of the product purity 
due to formation of alkylated by-product can be avoided as compared with using aromatic hydrocarbon solvent such 
as toluene. Known catalysts containing clay, etc. as their components show significant decrease with time in their 
polymerization activity when the solvent is changed from aromatic hydrocarbon solvent such as toluene to cyclohexane 
solvent. The combination of the catalyst for producing a-olefins of the present invention and cyclohexane as the solvent 
is advantageous because such a problem involved in prior art can be eliminated. The solvent may be used singly or 
in combination of two or more. When the solvent is used, the amount of catalyst in terms of the component (1-A) 
contained therein is generally 0.01 to 100 ujnol, preferably 0.1 to 20 jxmol per one liter of solvent in view of obtaining 
sufficient reactivity. 

[0068] The oligomerization conditions are not specifically limited. The reaction temperature is generally -78 to 200°C, 
preferably room temperature to 150°C. The reaction pressure is generally ordinary pressure to 15 MPa-G, preferably 
ordinary pressure to 5 MPa-G. The molecular weight can be controlled by know methods, for example, by suitably 
selecting the temperature and pressure. 

(2) Second embodied catalyst 

[0069] The second embodied catalyst comprises (2-A) a chelate complex of Group 4 to 6 transition metal of the 
Periodic Table or a complex of Group 8 to 1 0 transition metal of the Periodic Table, (2-B) clay, clay mineral or an ion- 
exchangeable layered compound (hereinafter may be collectively referred to as "clay, etc."), and (2-C) a quaternary 
ammonium salt. The second embodied catalyst may further contain, as an optional component, (2-D) at least one 
organometallic compound selected from the group consisting of organoaluminum compounds, organomagnesium com- 
pounds, organolithium compounds and organozinc compounds. 

[0070] The components (2-A), (2-B), (2-C) and (2-D) will be described below more in detail. 
Component (2-A) 

[0071 ] The so-called main catalyst is selected from the chelate complexes of Group 4 to 6 and Group 8 to 1 0 transition 
metal of the Periodic Table. 

[0072] Examples of the Group 4 to 6 transition metal chelate complex include chelate complexes in which a ligand 
coordinates to a transition metal via two or more nitrogen atoms of aniline groups : which are represented by the following 
formula: 



wherein M' is a Group 4 to 6 transition metal of the Periodic Table, R groups may be the same or different and are each 
C.|_ 20 alkyl, X 1 and Y 1 may be the same or different and are each acovalent-or ion-bonding group, p is an integer from 
0 to 2, and q is an integer from 0 to 5. 

[0073] M' is a Group 4 to 6 transition metal of the Periodic Table such as hafnium, niobium, molybdenum, tungsten, 
etc., and preferably titanium and zirconium. R groups may be the same or different and are each C^.^q alkyl such as 
methyl, ethyl, n-propyl, isopropyl, etc. X 1 and Y 1 are the same as defined in the formulae (1) and (2). Suffix "p" is an 
integer from 0 to 2, preferably 1 , and "q" is an integer from 0 to 5, preferably 0 to 3. 

[0074] Specific examples of the above chelate complex having aniline ligands include the following MaConville-type 
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titanium chelate complexes. 
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y CH 2 CH 2 CH 2 
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CH 3 
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_J°*> /C H 2 CH 2 CH 2 
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[0 0 75] .nadditiontotheabove^^ 

^76] The complex of Group 8 to 1 0 transition meta. of the Periodic Tabie usable in the second embodied cata.yst 
is the same as the component (1 -A) of the first embod.ec cata yst ^ perjodjc Jab , e 

[0077] The component (2-A) may ^^^^J^^^^aMy the comp.ex of Group 8 to 10 
or the complex of Group 8 to 10 transition metal f^e Periods Tab £ p » Periodic jable may be the 

component (2-A). 
50 Component (2-B) 

[0078] The same Cay, Cay mineral and ion-exchangeab.e layered compound as the component (1-B) may be used 

as the component (2-B). ^«w.iin# nf ariQorbina (2-C} the quaternary ammonium salt 

[0079] Of the component (2-B), those havng a h.gh capab.hty o ^SEi by the Reaction with clay, 

described below orthose having a high ^^^^^SS^^!^. "he component (2-B) is 
SS£ S1SSJ^J~ —on.. Tetrasilicon 

fluoride mica is preferable as the synthesized phyllosilicate. 



55 



Component (2-C) 



[0080] The component (2-C) is a quaternary ammonium salt such as a quaternary alkylammonium salt, a quaternary 
arylammonium salt, a quaternary arylalkylammonium salt, a quaternary benzylammonium salt and a heteroaromatic 

5 ammonium salt, although not specifically limited thereto. Examples of the quaternary alkylammonium salt include tetra- 
n-propylammonium chloride, tetrabutylammonium chloride, dimethyldicyclohexyfammonium chloride, methyltri-n-oc- 
tylammonium chloride, methyltris(2-ethylhexyl)ammonium chloride, methyltri-n-decylammonium chloride, methyltri-n- 
dodecylammonium chloride and dimethyldi-n-octadecylammonium dichloride: Examples of the quaternary arylammo- 
nium salt include tetraphenylammonium chloride. Examples of the quaternary arylalkylammonium salt include phenylt- 

10 rimethylammonium chloride, dimethyldiphenylammonium chloride and methyltriphenylammonium chloride. Examples 
of the quaternary benzylammonium salt include dimethyldibenzylammonium chloride, methyltribenzylammonium chlo- 
ride and dimethylbenzylammonium chloride. Examples of the heteroaromatic ammonium salt include N-methyl-2-ben- 
zylpyridinium chloride, N-methyl-3-benzylpyridinium chloride, N-methyl-4-benzylpyridinium chloride, N-methyl-2-phe- 
nylpyridinium chloride, N-methyl-3-phenylpyridinium chloride and N-methyi-4-phenylpyridinium chloride. Bromides, flu- 

15 orides and iodides corresponding to the above chlorides may be used as the quaternary ammonium salts. In the qua- 
ternary ammonium salt, the ratio of the number of carbon atoms to the number of nitrogen atoms is preferably 8 or 
more. More preferred are a quaternary ammonium salt having at least one aromatic ring-containing group such as the 
quaternary benzylammonium salt, quaternary arylammonium salt and quaternary arylalkylammonium salt; and a qua- 
ternary ammonium salt having two or more alkyl groups having 6 or more carbon atoms such as dimetyldicyclohexy- 

20 lammonium chloride : methyltri-n-octylammonium chloride, methyltris(2-ethylhexyl)ammonium chloride, methyltri-n-de- 
cylammonium chloride, methyltri-n-dodecylammonium chloride and dimetyldi-n-octylammonium chloride. 

Component (2-D) 

25 [0081 ] The component (2-D) is at least one organometallic compound selected from the group consisting of the same 
organoaluminum compounds, organomagnesium compounds, organolithium compounds and organozinc compounds 
as mentioned for the component (1 -D). 

[0082] In the second embodied catalyst, the component (2-A) (transition metal complex) is used in an amount of 0.1 
to 1000 umol, preferably 1 to 100 umol per unit weight (g) of the component (2-B) (clay, etc.). The component (2-C) 

30 (quaternary ammonium salt) is used in an amount of 0.001 to 2 mmol, preferably 0.01 to 1 mmol per unit weight (g) of 
the component (2-B). The component (2-D) (organometallic compound) may be optionally used in an amount of 0.01 
to 1 00 mmol, preferably 0.1 to 1 0 mmol per unit weight (g) of the component (2-B). The component (2-D) may be used 
in an amount exceeding the above range, and the excessive component (2-D) can be removed from the catalyst system 
by washing a slurry suspension containing clay, etc. The amount of the component (2-C) is preferably less than the 

35 ion exchange capacity of the component (2-B). For example, since the ion exchange capacity of montmorillonite is 0.9 
meq per unit weight (g), the amount of the component (2-C) to be used is preferred to be less than 0.9 meq. 
[0083] The second embodied catalyst can be prepared in the same manner as in the first embodied catalyst except 
for using the component (2-C) instead of the component (1 -C). 

[0084] Next, the olefin polymerization of the present invention will be described. In the olefin polymerization of the 
40 present invention, olefins are polymerized in the presence of the catalyst optionally containing the component (2-D). 
Olefins may be ethylene or a-olefin such as propylene, butene-1 , octene-1 , etc., and preferably ethylene. The method 
for polymerization is not particularly limited and may be carried out by any known methods such as a solution reaction 
using a solvent, a liquid-phase non-solvent reaction using substantially no solvent, a vapor-phase reaction, etc. The 
solution reaction is preferable. In addition, the polymerization may be earned out in either continuous manner or batch- 
es wise manner. As the solvent, if used, aliphatic hydrocarbon solvent such as butane, pentane, hexane, heptane and 
cyclohexane may be used. Of the above solvents, cyclohexane is particularly preferable because the deterioration of 
the product purity due to formation of alkylated by-product can be effectively avoided as compared with using aromatic 
hydrocarbon solvent such as toluene. Known catalysts containing clay, etc. as their components show significant de- 
crease with time in their polymerization activity when the solvent is changed from aromatic hydrocarbon solvent such 
50 as toluene to cyclohexane solvent. The combination of the olefin polymerization catalyst of the present invention and 
cyclohexane as the solvent is advantageous because such a problem involved in prior art can be eliminated. The 
solvent may be used singly or in combination of two or more. When the solvent is used, the amount of catalyst in terms 
of the component (2-A) contained therein is generally 0.01 to 1 00 u.mol, preferably 0.1 to 20 jxmol per one liter solvent 
in view of obtaining sufficient reactivity. 
55 [0085] The polymerization conditions are not specifically limited. The reaction temperature is generally -78 to 200°C, 
preferably room temperature to 150°C. The reaction pressure is generally ordinary pressure to 15 MPa-G, preferably 
ordinary pressure to 5 MPa-G. The molecular weight can be controlled by know methods, for example, by suitably 
selecting the temperature and pressure. 
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(3) Third embodied catalyst 



vjaio p . An inmini<nn rnmnound. 



10 



15 



20 



pounds, and optionally (3-C) an organoaluminum compound 
[0088] Each component will be described below. 



25 



30 



35 



50 



55 



(1)to (10): 

urn bichloride and bis(trimethylcyclopentadienyl) ^"^.^'te-membered ligands which are iinked by an 
(2) Bridged transition metal compounds hav.ng two ^^^^J^/^^b^.^denyl) titaoium diohloride, meth- 
Skylene^ridge, such as methylenebisOndeny ) — 

ylenebis(indenyl) titanium chlorohydr.de ethy^ 

oxychloro titanium, ethylenebis(indenyr) ^r"J*^S^ltIm«nbenKl ligands which are linked by a si- 

um dichloride and pheny.methyisilylenebis(indeny,) ^^^^ ligan ds which are linked by a ger- 
(4) Bridged transition metal compounds having two conjugated five 9 d such as dimethylger- 
manium, aluminum, boron, phosphorus, " "J™^ 

mylenebis(indenyl) titanium dichlonde, ^ethyl^ ^^SSS-nJl) titanium dichloride, phenylphos- 
ylalumylenebis(indenyl) titanium dichlonde J^^^^ m ^ ^ oMe -, 

phy.enebis(indenyl) titanium dichlonde, and ^jJ^SSlSS!^ ligand, such as pentamethy.cyclopentad,- 
U Transition metal ^J^^^^^SP!^ ^ * htafcto ' P-^'^T" 
dienyl-bis(trimethy.silyl)amino titanium d.ch bride . P^^gated five-membered ligands which are doubly 
(6) Doubly bridged transition titanium dichlo- 

inked by two bridges, such as (1 V-Jm. ^SSS^SS^^ ^chioride, (1 .1 '-dimethylsilylene) 

(cyclopentadienyl)dibenzyl titanium; „ taH i en «i titanium trichloride, methylcyclopentadienyl titanium 

as those for the component 1 -A). In the thjd emb particularly preferable, 

having the following combinations of FP to R ana h 

c r,7 d13 _ oi4 - R 15 = Ris = R 17 = R18 = R19 = r20 = hydrogen; 
R 8 = R 9 = R i2 = R21 = methyl and H" - jj = R = R = R = _ " _ and R12 = R 21 = ethyl; 

Si^e^^^ 



40 ride 
(2 



45 



R 8 = R 9 = m ethyl, R 5 = R 6 = R 7 = R 13 = R 14 = R 15 = R 16 = R 17 = R 18 = R 19 = R 20 = hydrogen, and R 12 = R 21 = n-propyl; 
R 8 = R 9 = R 12 m R 14 = R 19 = R 21 = me thy!, and R 5 = R 6 = R 7 = R 13 = R 15 = R 16 = R 17 = R 18 = R 20 = hydrogen; 
R 8 = R 9 = methyl, R 5 = R 6 = R 7 = R 13 = R 14 = R 15 = R 16 = R 17 = R 18 = R 19 = R 20 = hydrogen, and R 12 = R 21 = 
chlorine; and 

5 R 8 = R 9 = methyl, R 5 = R 6 = R 7 = R 13 = R 14 = R 15 = R 16 = R 17 = R 18 = R 19 = R 20 = hydrogen, and R 12 = R 21 = 

trifluoromethyl. 

[0091] The component (3-A) is preferably a complex of Group 8 to 10 transition metal of the Periodic Table which 
may be represented by the formula (1 ) or (2). Particularly preferred are iron, cobalt or nickel chelate u-omplexes which 
10 contain coordinating nitrogen atoms. The transition metal complex may be used alone or in combination of two or more . 

Component (3-B) 

[0092] The component (3-B) is a novel co-catalyst component for polymerizing vinyl compounds, and can be prepared 
15 by contacting (3-B1 ) clay, clay mineral or ion-exchangeable layered compound, (3-B2) an amine compound, an adduct 
of an amine compound and Br<|>nsted acid or a quaternary ammonium salt, and (3-B3) an organosilane compound. 

Component (3-B1) 

20 [0093] The same clay, clay mineral and ion-exchangeable layered compound as used for the component (1-B) of 
the first embodied catalyst may be used as the component (3-B1 ) of the co-catalyst component. 
[0094] The component (3-B1 ) is preferably a silicon-containing, ion-exchangeable layered compound such as phyl- 
losilicic acid minerals and mica group minerals. Preferred phyllosilicic acid minerals are smectite group minerals such 
as montmoiillonite, saponite, etc. Montmorillonite may be called as refined bentonite or crude bentonite according to 

25 its composition. Mica group minerals may be exemplified by tetrasilicon fluoride mica known as a synthetic mica. 
Tetrasilicon fluoride mica is classified into a non-swelling mica and a swelling mica, and the swelling mica is preferably 
used in the present invention. The smectite group minerals and mica group minerals are particularly preferable as the 
component (3-B1 ) because these minerals improve the polymerization activity when used as a component of a catalyst 
for polymerizing vinyl compounds. 

30 

Component (3-B2) 

[0095] The component (3-B2) is an amine compound such as a primary alkylamine, secondary alkylamine and tertiary 
alkylamine; an adduct of the amine compound and Br0nsted acid; or a quaternary ammonium salt. Preferred are the 

35 tertiary alkylamine, its adduct with Br^nsted acid and the quaternary ammonium salt because these compounds im- 
prove the polymerization activity when used as a component of a catalyst for polymerizing vinyl compounds. 
[0096] Examples of the tertiary alkylamine include alkylamines such as trimethylamine, triethylamine, tri-n-pro- 
pylamine, tri-i-propylamine, tri-n-butylamine, dicyclohexylmethylamine and cyclohexyldimethylamine; alkenylamines 
such as vinyldiethylamine, allyldiethylamine, cyclohexenyldimethylamine, divinylethylamine, diallylmethylamine and 

40 dicyclohexenylmetylamine; arylalkylamines such as diphenylmethylamine, phenyldiethylamine, phenyldipropylamine 
and naphthyldimethylamine; and tribenzylamine. Of the above tertiary alkylamines, preferred are those in which a ratio 
of the number of carbon atoms to the number of nitrogen atoms (hereinafter may be referred to as "C/N ratio") is 8 or 
more. For example, the C/N ratio is 6 for triethylamine and 12 for tri-n-butylamine. Adducts of tertiary alkylamine and 
Br<t>nsted acid can be obtained by adding Br^nsted acid such as hydrochloric acid, sulfuric acid, etc. to the tertiary 

45 alkylamines recited above. 

[0097] The quaternary ammonium salts of the component (3-B2) are the same as those for the component (2-C). 
[0098] The component (3-B2) is generally used 0.001 to 2 mmol, preferably 0.01 to 1 mmol per unit weight (g) of the 
component (3-B1). 

50 Component (3-B3) 

[0099] The organosilane compound is represented, although not particularly limited, by the following formula (7): 
55 R^rSiX^ (7) 

wherein R 26 is hydrogen or a group having a carbon or silicon atom which is directly bonded to Si, X is halogen or a 
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r0100l The organosilane compound of the formula (/) inciuae h 



compound represented by the formula (8) 



R 26 t X3,Si(CH 2 ) s SiR 26 t X3. t (8) 
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« and R26 and X is as defined in the formula (7). 

wherein s is an integer from 1 to 10. t is an '"^^ f^^^la <7>7^l UC i e tri alKy l^i ly t ^hl^rid^ s^cln. as trimethylsilyl 
[01011 Examples of the organos.lane compounds of the ,0 2^"r si K,, chloride, t-butyldiphenylsilyl chlonde and 
chloride, triethylsilyl chloride, triisopropylsilyl chlonde, t^^SwM dtohloride, diethylsilyl dichloride, diisopro- 
pnenethy.dimeihy.sily. chloride; dialky.siiy- dich ^^^^^S^SX^ dichloride ' ^(P^nethy.)si.yl 
pyisilyl dichloride, di-n-hexylsily. dichlonde, ^exy^ fifi^^J^ d I chl0 ride and ditolylsily. dich onde; 
bichloride, methylphenethylsilyl d.chlor.de, d P^^™™ ri de is0 propyisilyl trichloride, t-butylsilyl tnchtor.de, 
alky.silyl trichlorides such as methy.silyl «htend^ attjj. W < "ch * J J y substituting chlorine of the above 
pheny.si.yl trichloride and phenethy.sily. tnch.onde "JJJJJ^im^ silanes such as dimethylchlorosilane, 
compounds with another halogen. Other examples "^JSjSS hydr ^ ides SUC h as trimethylsilyl hydrox.de, 
( N,N d.methy.aminOdimethylsi.ane and , nsobutyl chto phe nethyldimethylsi.yl hydroxide, d.cy- 
riethylsilyl hydroxide, triisopropyls.lyl hydrox.de t ^ d J™^^ |B known as a peralkylpolysiioxypolyol. 
c ohexylsiiyl dihydroxide and diphenyls H* dt*£^ ^^^^ounJ^Bh as bis(methy.dich.orosi,y.) 
[0102] Examples of the compounds of the ^^^^rosily )ocLe and bis(triethoxysilyl)ethane. The polynu- 

ny.-1,3,3,5-tetramethyltri S i.oxane. Examples of the P^JT£ ylsi|yl)arnide , b is(diethy.methylsilyl)am.de, b.s 
bi S (triethy.sii y .)amide, bis(trHsopropyls y Z^t^^sW^- 

(oimethy.phenylsi.yOamide, ^^^^.^^^ uJL (7) or (8) wherein B» is alky., benzy 
niaSC r=^S group. The' organosi.ane compound may be used alone or 

;;Ct: n co^of^^ 

actively conducted in the presence of water, can be assumed that Qf ^ organosll e 

finely dispersed and changes the ^^f"^^^^!^ crystalline layers of clay, etc. to promote he 

by the above assumption. , preferably 0.01 to 100 mmol in terms of silicon 

[0105] The organosilane compound is used 0.001 to 1000 mmo , p 

atom per unit weight (g) of the component (^J*- jvj ferred C o-catalysts for polymerizing vinyl com- 

[0106] in view of obtaining an improved ^^Z^aS^ an ion-exchangeable, silicon-containing lay- 
pounds of the present invention are ^. 6 ^^ I ^SZ^\s, (3-B2) a tertiary a.kylamine, its adduct with 
ered compound such as smectite group """T^^^X of 8 or more, and (3-B3) an organosi.ane com- 

[O^^ara^ 

ncludes the following two methods. In one of ^™JSrJS'S-5.Th. resultant mixture is stirred under heatmg 
colloidal solution of clay, into which the ^SSS^^X^m ammonium salt is added to the m.xture 
and then the tertiary alkylamine, its salt w th B*«^ «* onnq Y ated from water in the slurry, this 

to prepare the co-catalyst in the form of a simple Jation. In the other method, clay, etc. 

method is advantageous because the co-cata ^^^SJ^, or the quaternary ammonium salt in water. The 

. . i i \ „~,4 rnmnnnenl 



55 



cicty, eiv^- w 

compound is added. ^moonent (3-B2) (amine compound, etc.) and the component 

[0108] in both the methods, the m.x,ng f*?*^^^.^ of each component per unit weight (g) of 
(3-B3) (organosilane compound) is suitably determined so that 
he component (3-B1) is within the range defined above. 



Component (3-C) 



[0109] The organoaluminum compound as the component (3-C) is represented by the following formula (9): 

R 24 V AIQ3_ V (9) 



wherein R 24 is C^q alkyl, Q is hydrogen, C^^ alkoxy, C 6 . 2 o ary' or halogen and v is an integer from 1 to 3. 
[01 10] Examples of the compound of the formula (9) include trimethylaluminum, triethylaluminum, triisopropylalumi- 
io num, triisobutylaluminum, dimethylaluminum chloride, diethylaluminum chloride, methylaluminum dichloride, ethylalu- 
minum dichloride, dimetyhlaluminum fluoride, diisobutylaluminum hydride, diethylaluminum hydride and ethylaluminum 
sesquichloride. 

[0111] The organoaluminum compound may be used alone or in combination of two or more. 
[0112] Other organoaluminum compounds may be aluminum oxy compounds such as a chain aluminoxane repre- 
ss sented by the following formula (10): 

25 . -r25 



20 



R \ / \ R^ - 

r2s Ta- u r 



wherein R 25 is C^o, preferably C 2 .12 hydrocarbon group such as alkyl, alkenyl, aryl and arylalkyl or halogen, w is an 
25 average degree of polymerization and usually an integer from 2 to 50, preferably from 2 to 40, and R 25 groups may 
be the same or different from each other, 

and a cyclic aluminoxane represented by the following formula (11): 



30 



35 



R 



25 



(11) 



wherein R 25 and w are the same as defined in the formula (10). 

[0113] Examples of the aluminoxane include ethylaluminoxane and isobutylaluminoxane. 

[0114] The aluminoxane can be prepared, for example, by contacting an alkylaluminum with a condensation agent 
40 such as water. The contacting method is not particularly restricted and may be carried out according to known methods 
such as (1 ) a method where a solution of an organoaluminum compound in an organic solvent is contacted with water, 
(2) a method where an organoaluminum compound is added to the polymerization system and subsequently water is 
added to the polymerization system, and (3) a method where crystal water of metal salt or water adsorbed by inorganic 
or organic substances are reacted with an organoaluminum compound. 
45 [0115] The aluminoxane may be soluble or insoluble, preferably soluble to hydrocarbon solvents. The content of the 
remaining organoaluminum compound is preferably 1 0% by weight or less, more preferably 3 to 5% by weight or less, 
particularly preferably 2 to 4% by weight or less when measured by 1 H-NMR. Such an aluminoxane is preferable 
because a larger amount thereof can be supported on carriers (high supporting ratio). In addition : non-supported alu- 
minoxane can be easily recycled and reused because it is soluble to hydrocarbon solvents. Further, since such an 
50 aluminoxane is stable in its properties, no particular treatment is required for its use. Still further, polyolefins having 
improved average particle size and particle size distribution (called genericalty as morphology) can be obtained. A 
content of the remaining organoaluminum compound exceeding 10% by weight reduces the supporting ratio to de- 
crease the polymerization activity. 

[01 1 6] Such an aluminoxane can be obtained, for example, by a method where an aluminoxane solution is evaporated 
55 to dryness by distilling off the solvent under reduced pressure while heating (dry-up method). In the dry-up method, 
the removal of the solvent is carried out preferably at 80°C or lower, more preferably at 60°C or lower. 
[0117] The component insoluble to hydrocarbon solvent can be removed from the aluminoxane, for example, by the 
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spontaneoussedimentat^ 

isalso usable. To ensure sufficient removal ^^^^^^^^ "-eases with time, the a.umi- 
erably filtered through G5 glass filter, etc. in nitrogen str earn • S "ce We ge. com P pre f e rably immediately 

noxane thus obtained shou.d be used t"^,^^^^^* not strictly limited, and pref- 

So^: — benzene to.uene, xylene, 
ISZ Examples of the hydrocarbon .sofvent ^^^ ^ ctane d ca^ dodecane, *L*- 

=d=^^ 

? anP and oetroleum fraction such as naphtha, kerosene and light gas oil. 

aluminoxane may be used ^^l^^^^ ~ ~ » 
[012 0] The catalyst for ^^j;^^ Z£££Z££™«* forpoiymerizing vinyl compounds, 
the amine compound and organosilane compound, i.e., we co <, y f component (3-C) (organoaluminum 
with the component (3-A) (transition ^^^Z^^o^SX transttion metal complex, 
compound), although not restricted thereto. The contacr ^^^^j; n .^ eamouritoim eoomponefit(3^) 
and generally 10 minutes to several days, preferably 1 0 minute ^1^°^^ (3 . c) is preferably 20 mmol 
is 0.? to 1000 nmol, prefer^ 1 to 50 umol, and the amount o the ^^^^ ^^poJ"*- 
or less, each based on unit weight (g) of the co-catalyst component ^ P^™ J P Q Qf ^ above catalyst 

SSr«S: S^^l ~e„~ -i— ac.„c — - 

esters of fatty acids. and „. 0 | e fin havinq 3 to 20 carbon atoms. Examples 

[0123] Olefins are not strictly limited, and preferably ethylene and a olefin I ™wng i. he xene, 1 -heptane. 1-oo 
ofsucL-olefinsincludestraigh^ 

tene, 1-nonene, 1-decene, 4- P henyl-1 -butene, ^^J 1 :^?'^^ 3 4-dimethyM-pentene, 4,4-dimethyl- 
1 -pentene, 4-methyM -hexene, *^™?£> ^S^SS^. tetrafluoroethylene, 2-fluoropro- 
1 -pentene and vinylcyclohexane; halogenated a-olef.ns ™^ U ° P J 3 4 . dich ,oro-1 -butene; andcyclic ole- 
pene.fluoroethylene, 1 >difluoroethy,ene,3-f u = 

fins such as cyclopenetene, cyclohexene norbornene ^^J™*^^ derivatives include alkylstyrenes such as 
5,6-dimethylnorbornene and 5-benzylnorbornene. Ex amp es of the sty reneder^a ene p . ph6 nylsty- 

p-methylstyrene, p-ethylstyrene, p-propylstyrene, P"" 0 ^^ m-ethylstyrene, m-iso- 

rene, o-methylstyrene, o-ethylstyrene, o-propylstyrene, o-.so propylsty ^TJ^ and 3 ,5-dimethylstyrene; 
propylstyrene m-butylstyrene, mesitylstyrene, ^"d'™ 1 ^^ as 
aJxystenes such as P-methoxystyre^ p . fluorosty . 
p-chlorostyrene, m-chlorostyrene, o-chloms,yrene P-^^^^ ^ethy^i^Tstyrene; vinyl benzoate; and divinyl- 

loST Examples of the viny, esters of fatty acids inc.ude viny. or 
0125 in the process of the present ^"J 0 ^ arbitrarily, 
more. When the copolymerization is intended, two or more °^;^ a ^ v \~ olvm y erized with another monomer ex- 
[0126] .n the process of the present invention, the above f^^^°f^^ ene , p0 ,ycyc.ic olefins such 
empli/led by chain diolefins such as such as 

ZSSZ ^^^:tZ^^^^ - — d — such as 

L polymerizing viny, compounds is not Pa rticular, V — ™P°™°» ^ 
slurry polymerization, solution polymenzafon, vapor-phase ^^^^^„L be carrie d out in either contin- 
uation, preferab.y by solution P^f^ such as different butane, 
uous manner or batch-w.se manner. As the solvent, if ^ »«P™~ y |vents cyc | ohe xane is partio- 



contained therein is generally 0.01 to 1000 ujnol, preferably 0.1 to 500 umol per one liter solvent in view of obtaining 
sufficient reactivity. 

[0128] The polymerization conditions are not specifically limited. The reaction temperature is generally -78 to 200°C f 
preferably room temperature to 150°C. The reaction pressure is generally ordinary pressure to 15 MPa-G, preferably 
5 ordinary pressure to 5 MPa-G. The molecular weight can be controlled by know methods, for example, by suitably 
selecting the temperature and pressure. 

[0129] By the polymerization of vinyl compound using the third embodied catalyst of the present invention, vinyl- 
terminated a-olefins (oligomer) having a number average molecular weight of 10000 or less or polyolefins having a 
number average molecular weight of 1 0000 or more can be efficiently produced with low costs. 
w [0130] The present invention will be described in more detail with reference to the following examples. However, it 
should be noted that the following examples are only illustrative and not intended to restrict the scope of the present 
invention thereto. 

Example 1 

15 

[0131] 

(1) Preparation of co-catalyst solution A 
into a 10-liter fiack containing 4 liter of distilled water, 10 g of Na-montmorillonite (BEN-GEL, available from 

Hojun Yoko, Co., Ltd.) were slowly added under stirring. After the addition was completed, stirring was continued 
for two hours at room temperature to prepare a clay-water colloidal solution. After heating the clay-water colloidal 
solution to 80°C, was added little by little a solution consisting of 2.19 g (8 mmol) of N,N-dibenzylaniline, 4 ml of 
cone, hydrochloric acid (35 to 37% concentration) and 40 ml of ethyl alcohol. After the addition, the mixture was 
stirred for two hours at the same temperature and for two hours at 100°C. After the colloidal solution was changed 
to clay slurry by flocculation, the slurry was filtered under heating through a pressure filter. The separated solid 
product was vacuum-dried at room temperature to obtain 12.8 g of clay-amine composite. 

Into a 2-liter flask containing 10 g of the clay-amine composite, 250 ml of 0.5 mol/iiter toluene solution of 
triisobutylaluminum (TIBA) were added at room temperature After heating to 100°C, the mixture was stirred for 
one hour at the same temperature and cooled to obtain a clay slurry, which was then added with one liter of dry 
toluene and allowed to stand. The supernatant was discarded by a cannula and the slurry was washed with toluene 
repeatedly. Finally, the volume of the slurry was adjusted to 500 ml with toluene to obtain the co-catalyst solution 
A (clay-amine composite content: 20 mg/ml). 

(2) Preparation of catalyst solution A 
Into 20 ml of toluene, was suspended 0.088 g (200 ujtioI) of a pyridinebisimine iron complex, [2,6-[ 

(2,4-C 6 H 3 Me 2 )N=C(Me)] 2 C 5 H3N]FeCI 2 , which was prepared according to the method described in J. Am. Chem. 
Soc, 1998, 4049 and Chem. Commun., 1998, 849, thereby preparing a complex slurry A (complex content: 10 
ujnol/ml). In a Schienk tube, 2.5 ml of the co-catalyst solution A and 0.05 ml of the complex slurry A were mixed 
and stirred for one hour at room temperature to prepare a catalyst solution A. 

(3) Oiigomerization 

Into a deaerated 1.6-liter autoclave of 75°C, 400 ml of dry cyclohexane, 1 ml of toluene solution of tetrai- 
sobutyldialuminoxane ([(CH 3 ) 3 CHCH 2 ] 2 AiOAl[CH 2 CH(CH 3 ) 2 ] 2 ) (Al content: 1.0 mol/liter) and all of the catalyst 
solution A prepared above were successively added in nitrogen stream. After heated to 80°C, ethylene was pumped 
into the autoclave to keep the reaction pressure at 0.8 MPa-G. After 30 minutes of starting the introduction of 
ethylene, the supply of ethylene was stopped and the reaction liquid was rapidly cooled by cooling water. After 
cooling and pressure release, 49.0 g (total yield) of the reaction product containing 7.9 g of polymer were obtained. 
The total polymerization activity and the oiigomerization activity were 351 0 kg/gFe/h and 2940 kg/gFe/h, respec- 
tively. The total yield is the amount subtracting the amount of the solvent from the amount of the reaction mixture 
recovered from the oiigomerization. The recovered reaction mixture was pressure-filtered, and the solid matter on 
the filter was dried at 80°C for 4 hours under reduced pressure and weighed to obtain the amount of the polymer. 

Comparative Example 1 

[0132] 

55 (1) Preparation of co-catalyst solution B 

By changing the method of preparing the co-catalyst solution A in Example 1 as shown below, the co-catalyst 
solution B was prepared. 

Into a 2-liter flask, 10 g of thoroughly dehydrated Na-montmorillonite (BEN-GEL, available from Hojun Yoko 
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Co Lto,werep,acedund_ 

so.uLn Beared above instead of the co-cata.yst so.ut.on A. 

(3) Oligomerization same manner as in Example 1 (3) except for us.ng the 

■ The oligomerization of ethylene was conducted in the ' absor ption was not detected even after 30 

catalyst solution B instead of ^^^^^^l^ no Paction of oligomer and 
minutes of the ethylene supply, and the analysis 
polymer. 

The .,18— on 01 »» "nductad '^ZJTT^^Z^l o"^>'^ 

™rn=^^^ 

^"lo^-ono.^^ 



Example 4 
[0135] 



(1) Preparation of co-catalyst solution C |} of tribe nzylamine instead of 2.19 g 

solution C instead of the co-catalyst solution A. 
^Kc^iono,^^ 

a«it»™r6730 kgtgFe/n. and 5720 S^Fa/h, rcsp«1lva,». 



Example 5 
[0136] 



50 



55 



(1 ) Preparation of co-catalyst solution D |e 1 (1 } except for using a different 

Aclay-watercolloidalsolutionwasprepa re n ^7*™™ Co ., utd .) instead of Na-montmonllon.te 

type of |vla-montmorillonite (KUNIPIA av ^'^ ^J|^^^^ m |[Jg^ay^water colloidal solution to ^O^, was 
(BEN-GEL, available from Hojun Yoko Co., Ltd). An ^ h ^" 9t d i meth ; ianiline , 4 ml of cone, hydrochlonc ac.d (35 
Efeby little a solution consisting of 0.968 g (8 ^JJJ^K^ was stirred for two hours at the same 
0 37% concentration) and 40 ml of water. After the ^dditio^ the m ^ slurry was filtered under 

™££2£Zfi&* OaV-ine composite were place, and then treated with triisobuty.a.uminum 



(TIBA) in the same manner as in Example 1 (1 ) to prepare the co-catalyst solution D (clay-amine composite content: 
20 mg/ml). 

(2) Preparation of catalyst solution D 

The catalyst solution D was prepared in the same manner as in Example 1 (2) except for using 5.0 ml of the 
5 co-catalyst solution D instead of 2.5 ml of the co-catalyst solution A and using the complex slurry A (complex 

content: 10 umol/ml) in an amount of 0.1 ml instead of 0.05 ml. 

(3) Oligomerization 

The oligomerization of ethylene was conducted in the same manner as in Example 1 (3) except for using the 
catalyst solution D instead of the catalyst solution A, and using toluene as the polymerization solvent instead of 
10 cyclohexane. The total yield was 32.1 g containing 7.8 g of polymer. The total polymerization activity and the 

oligomerization activity were 1150 kg/gFe/h and 870 kg/gFe/h, respectively. 

Example 6 

15 [0137] 

(1) Preparation of co-catalyst solution E 

A clay-amine composite was prepared in the same manner as in Example 5(1 ) except for using Na-montmo- 
rillonite (BEN-GEL, available from Hojun Yoko Co., Ltd.) instead of Na-montmorillonite (KUNIPIA F, available from 
20 Kunimine Kogyo Co., Ltd.), and using 0.129 g (1 .2 mmol) of 2,6-dimethylpyridine instead of 0.968 g (8 mmol) of 

N.N-dimethytaniline. The clay-amine composite thus obtained was treated with TIBA to obtain a co-catalyst solution 
E (clay-amine composite content: 20 mg/ml). 

(2) Preparation of catalyst solution E 

The catalyst solution E was prepared in the same manner as in Example 5(2) except for using the co-catalyst 
25 solution E instead of the co-catalyst solution D. 

(3) Oligomerization 

The oligomerization of ethylene was conducted in the same manner as in Example 5(3) except for using the 
catalyst solution E instead of the catalyst solution D. The total yield was 44.4 g containing 3.8 g of polymer. The 
total polymerization activity and the oligomerization activity were 1590 kg/gFe/h and 1450 kg/gFe/h, respectively. 

30 

Example 7 

[0138] The oligomerization of ethylene was conducted in the same manner as in Example 4(3) except for changing 
the polymerization temperature to 80°C. The absorption rates of ethylene after 5 minutes, 10 minutes and 15 minute 
35 of the oligomerization were 4.3 liter/min, 2.5 liter/min and 1 .5 liter/min, respectively. The relative absorption rates with 
respect to the absorption rate after 5 minutes are shown in Table 1 . 



Table 1 



Polymerization Time 


Relative Absorption Rate 


5 minutes 
1 0 minutes 
15 minutes 


100 
58 
35 



45 Example 8 
[0139] 

(1) Preparation of co-catalyst solution F 

so into a 2-liter flack containing one liter of distilled water, 2.5 g of Na-montmorillonite (BEN-GEL, available from 

Hojun Yoko, Co., Ltd.) were slowly added under stirring. After the addition was completed, stirring was continued 
for two hours at room temperature to prepare a clay-water colloidal solution. After heating the clay-water colloidal 
solution to 60°C, was added an aqueous solution of 0.496 g (2 mmol) of benzyldimethylphenylammonium chloride 
in 1 00 ml of water. After the addition, the mixture was stirred for one hour at the same temperature. The slurry thus 

55 obtained was filtered under heating through a pressure filter. The separated solid product was vacuum-dried at 

room temperature to obtain 2.9 g of clay-quaternary ammonium salt composite. 

Into a 300-ml flask containing 10 g of the clay-quaternary ammonium salt composite, 25 ml of 0.5 mol/liter 
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to.ueneso.utfcnof^^ 

was stirred for one hour at the same 

soluion F (content of clay-quaternary ammonium salt compost: 20 mg/ml). 

(2) Preparation of catalyst solution F pyndinebisimine iron complex, [2,6-[ 

Into 20 ml of toluene, was suspended 0.088 g (200 junoij o py described in j. Am. Chem. 

( 2,4-C 6 H 3 Me 2 ) N =C(Me)] 2 C 5 H3N,FeC,, which 

^ sSd for Te hour at room temperature to prepare a catalyst solut.on F. 

(3) Polymerization of ethylene ,„h ovano n R ml of toluene solution of triisobutylaluminum 

Into a 1 .6-liter autoclave of 50«C, 400 ml of dry cyclohexane, 0.5 ml of toluene _ ^ 
(A. content: 1.0 mooter) and all of the ^y^tton ^^^^,^0.8^?. • G. After 30 
stream. Then, ethylene was pumped mto the autoclave to keep the react, p ^ 
minutes of starting the introduction of ethylene, he supply of eftyten « » PP ^ ^ 

rapidly coded by cooling water. After ooohngand l^^^%^^ 0 ZxJe solubles, i.e., oligomer 
containing 1 .58 g of solid cyclohexane Inso ubles, ue polyme^ and 99^ activity for the cyclohexane solubles were 
were obtained. The total polymerizat.on ac My ^^^J^ShcLd that the polymer obtained was 

column (50 m) was used for determining the purity. 



Comparative Example 2 
[0140] 



(1) Preparation of co-catalyst solution G mnntmorillonite (BEN-GEL. available from Hojun Yoko 

,nto a 300-m. flask, 2.5 g of thoroughly ^I'SJ^EL. solution of triisobutylaluminum 
Co., Ltd.) were placed under ^^^"r^^^^TwC and stirred at the same temperature 
(TIBA) were added at room temperature. The m.xture was heatea ten o d a , |owed t0 stand . 

ioronehour. After cooling, ^ clay slurry thu^ dly . Rnally , the 

rumeS^ 

(2) P ZZ^^£Z£«<* * ^e same manner as in Examp.e 8(2) except for using the co-cata,yst 
solution G prepared above instead of the co-catalyst solut.on F. 

sr rr^r»^::^=-- 2— no P — », - 

polymer. 



Example 9 
[0141] 



(1) Preparation of catalyst s0,ution " Q0 „ of a pyridi nebisimine iron complex, [2,6-[(2,6-C 6 H 3 

Into 20 ml of toluene, was suspended 0.088 g (200 ™ described in J. Am. Chem. Soc, 

(2) Polymerization of ethylene ^i^vcm* n 5 ml of toluene solution of triisobutylaluminum 



stream. Then, ethylene was pumped into the autoclave to keep the reaction pressure at 0.8 MPa-G. After 30 
minutes of starting the introduction of ethylene, the supply of ethylene was stopped and the reaction liquid was 
rapidly cooled by cooling water. After cooling and pressure release, 22.8 g of polymer were obtained by filtration 
of the reaction mixture. However, no cyclohexane solubles and no oligomer were obtained. 13 C-NMR measurement 
5 showed that the polymer obtained was a vinyl-terminated polymer. The polymerization activity for polyethylene 

was 410 kg/gFe/h. 

Example 10 

w [0142] 

(1) Preparation of co-catalyst solution I 

In the same manner as in Example 8(1) except for adding 25 ml of 0.5 mol/liter toluene solution of triisobuty- 
laluminum (TIBA) at room temperature to 1 .0 g of S-BEN (organic bentonite available from Hojun Yoko Co., Ltd.) 
15 placed in a 300-ml Schlenk tube, the co-catalyst solution I (content of clay-quaternary ammonium salt composite: 

20 mg/ml) was prepared. 

(2) Preparation of catalyst solution I 

In the same manner as in Example 8(2) except for using the co-catalyst solution I and the complex slurry A, 
the catalyst solution I was prepared. 

20 (3) Polymerization of ethylene 

The polymerization of ethylene was conducted in the same manner as in Example 8(3) except for using the 
catalyst solution I instead of the catalyst solution F, thereby obtaining 132.8 g (total yield) of the reaction product 
containing 1 .47 g of polymer and 131 .33 g of cyclohexane solubles. The total polymerization activity and the po- 
lymerization activity for the cyclohexane solubles were 2380 kg/g Fe/h and 2350 kg/g Fe/h, respectively. 13 C-NMR 

25 measurement showed that the polymer obtained was a vinyl-terminated polymer. Gas chromatographic analysis 

showed that the cyclohexane solubles contained 98 % by weight or more of a vinyl -terminated, linear a-olefin 
(oligomer having a carbon number of 6 to 1 8). In the gas chromatographic analysis, OV-1 column (60 m) was used 
for determining the amount of oligomer and Ultra-2 column (50 m) was used for determining the purity. Example 11 

30 (1) Preparation of catalyst solution J 

A silylated compound was prepared by the reaction of trimethylchlorosilane and a reaction product of 
2,6-dimethylaniline and 1 ,3-dibromopropane according to the method described in Macromolecules, 1996, 29, 
5241 . Then, the silylated compound was treated with titanium tetrachloride to synthesize a McConvi lie -type titanium 
complex, [ArNCH 2 CH 2 CH 2 NAr]TiCI 2 , wherein Ar is 2,6-dimethylphenyl. The titanium complex thus obtained was 

35 suspended in heptane to prepare a complex slurry C (complex content: 1 0 jimol/ml). In a Schlenk tube, 5.0 ml of 

the co-catalyst solution F prepared in Example 8(1) and 1 .0 ml of the complex slurry C were mixed and stirred for 
one hour at room temperature to prepare a catalyst solution J. 
(2) Polymerization of ethylene 

Into a 1 .6-liter autoclave of 80°C, 400 ml of dry cyclohexane, 0.5 ml of toluene solution of triisobutylaluminum 

40 (Al content: 1.0 mol/liter) and all of the catalyst solution J prepared above were successively added in nitrogen 

stream. Then, ethylene was pumped into the autoclave to keep the reaction pressure at 0.8 MPa-G. After one hour 
of starting the introduction of ethylene, the supply of ethylene was stopped and the reaction liquid was rapidly 
cooled by cooling water. After cooling and pressure release, the reaction liquid was filtered to obtain 5.3 g of 
polymer. However, no cyclohexane solubles and no oligomer were obtained. The polymerization activity for poly- 

45 ethylene was 11 kg/gTi/h. 

. Comparative Example 3 

[0143] (1) Polymerization of ethylene 

so The polymerization of ethylene was conducted in the same manner as in Example 1 1 (2) except for using 0.5 ml 

of toluene solution of methylalumoxane (Al content: 1 .98 mol/liter, available from Albemarle Co., Ltd.) and 1 .0 ml of 
heptane solution of a McConville-type titanium complex, [ArNCH 2 CH 2 CH 2 NAr]TiCI 2 , wherein Ar is 2,6-dimethylphenyl, 
instead of 0.5 ml of toluene solution of triisobutylaluminum (Al content: 1 .0 mol/liter) and the catalyst solution J. After 
one hour of the ethylene polymerization, 0.7 g of polymer was obtained. However, no cyclohexane solubles and no 

55 oligomer were obtained. The polymerization activity for polyethylene was 1 .5 kg/gTi/h. 
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Example 12 
[0144] 
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the voiume of the slurry was ^Ids: 20 mg/ml). 
catalyst component K for polymenzing vinyi w 

(2 Preparation of cata.yst solution K of a pyridin ebisimine .ron complex [2^ H 



45 Example 13 
[0145] 



50 



55 



caxaiysL uuuip^'— - - 

L for polymerizing vinyl compounds 
(2) Preparation of catalyst solution L 



Into 20 ml of toluene, was suspended 0.113 g (200 umol) of a pyridinebisimine iron complex, [2,6-[(2-MeC 6 H 4 ) 
N==C(Ph)] 2 C 5 H 3 N] 2 FeCI 2 , which was prepared according to the method described in the following "Synthesis of 
pyridinebisimine iron complex", thereby preparing a complex slurry D (complex content: 1 0 ujTiol/ml). In a Schlenk 
tube, 5.0 ml of the co-catalyst solution L and 0.1 ml of the complex slurry D were mixed and stirred for two hours 
5 at room temperature to prepare a catalyst solution L. "Synthesis of pyridinebisimine iron complex" 

(i) Synthesis of 2,6-dibenzoylpyridine ligand precursor 

Into a 200-ml, two-necked round flask equipped with a reflux condenser, 12.2 g (91.5 ml) of AICI 3 were 
introduced, and the atmosphere of the flask was replaced with nitrogen. To the flask, a benzene solution of 

w 6.12 g (30.0 mmol) of 2,6-pyridinedicarbonyl dichloride dissolved in 50 ml of benzene was added. The mixture 

was heated and refluxed under stirring for 5 hours. After allowing the mixture to stand for cooling, AICI 3 was 
deactivated by little-by-little addition of an aqueous solution of NaHC0 3 . The resultant solution was extracted 
with toluene. The organic layer was dried over anhydrous MgS0 4 and then the solvent was distilled off. The 
product thus obtained was purified by a silica gel column chromatography (hexane/ethyl acetate = 10/1 by 

15 volume) to obtain 6.87 g of 2,6-dibenzoylpyridine ligand precursor in 80% yield. 

(ii) Synthesis of 2,6-dibenzoylpyridine-di(2-methylphenyl)imine ligand 

To 0.50 g (4.7 mmol) of o-toluidine dissolved in 1 0 ml of tetrahydrofuran (THF), 1 .5 ml of 1 .6 ml/liter hexane 
solution of n-BuLI (2.4 mmol) were added at -78°C, thereby forming Li salt of o-toluidine. After heated to room 
temperature, the mixture was slowly added dropwise to a solution containing 0.20 g (0.67 mmol) of 2,6-diben- 

20 zoylpyridine prepared in (i) and 1 0 ml of THF. After stirring for 30 minutes, the excess of Li salt was deactivated 

by methanol and the solvent was distilled away under reduced pressure. Distilled water and toluene were 
added to the residue, and the solvent was distilled away from the organic layer. Further, the excess of toluidine 
was distilled away by heating to 100°C under a reduced pressure of 1 mmHg, thereby obtaining 0.32 g of 
2,6-dibenzoylpyridine-di(2-methylphenyl)imine ligand in 50% yield. 

25 (jii) Synthesis of complex 

To a dichloromethane solution of the ligand, an excessive amount of methanol solution of FeCI 2 (H 2 0) 4 
was added. The complex was formed immediately to change the color of the solution into deep blue. By distilling 
away the solvent and extracting with dichloromethane, the pyridinebisimine iron complex, [2,6-[(2-MeC 6 H 4 ) 
N=C(Ph)] 2 C 5 H 3 N]FeCI 2 , represented by the following formula was obtained. 

30 



35 




(3) Polymerization of ethylene 

The polymerization of ethylene was conducted in the same manner as in Example 12(3) except for using the 
catalyst solution L instead of the catalyst solution K. The amount of the total reaction product was 47.9 g and the 

45 amount of polymer was 1 .55 g. The total polymerization activity, the oligomerization activity and the by-production 

rate of polymer were 1 720 kg/gFe/h, 1 660 kg/gFe/h and 3.2% by weight, respectively. 

Gas chromatographic analysis showed that the cyclohexane solubles contained 99% by weight of a vinyl- 
terminated, linear a-olefin (oligomer having a carbon number of 6 to 1 8). In the gas chromatographic analysis, OV- 
1 column (60 m) was used for determining the amount of oligomer and Ultra-2 column (50 m) was used for deter- 

50 mining the purity. 13 C-NMR measurement of the polymer showed the presence of a terminal vinyl group. Example 

14 

(1) Preparation of catalyst solution M 

Into 20 ml of toluene, was suspended 0.088 g (200 urnol) of a pyridinebisimine iron complex, [2,6-[(2,6-(i- 
55 C 3 H 7 ) 2 C 6 H 3 )N=C(Me)] 2 C 5 H 3 N]FeCI 2 , which was prepared according to the method described in J. Am. Chem. 

Soc, 1998, 4049 and Chem. Commun., 1998, 849, thereby preparing a complex slurry B (complex content: 10 
umol/ml). In a Schlenk tube, 5.0 ml of the co-catalyst solution K prepared in Example 12(1) and 0.2 ml of the 
complex slurry B were mixed and stirred for one hour at room temperature to prepare a catalyst solution M. 
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(2) Polymerization of ethylene minl1t „ in the same manner as in Example 13(3) except 

The polymerization of ethy.ene ^j^^SS^ oS po^mTr was obtained. By drying at 90'C 
for using the cataiyst ^^^^^^ ^SSJ The poiymerization activity was 860 k g/ 
for 8 hours under reduced pressure, g u» K 
gFe/h. 

Comparative Example 4 
[0146] 

m Preparation of si.ane/iayered compound co-cataiyst component N for polymerizing viny, compounds and co- 
rra« k cont^ 

Hojun Yoko, Co., Ltd.) were siowiy added under st.r nng with J^-J^^h^th.cofcidalMlutlon 
was continued for two hours at room temperature to prepa e e col o.da ~™ ad£jed over 1 0 minutes . 

to 70»C, a solution of 1 .0 g of diphenyldichlorosilane ^^^^^^ttm obtained was filtered 
Aft er the addition, the mixture was stirred^^ 

under heating through a pressure filter. The se rated so, « P polyme rizing vinyl compounds, 

erizing vinyl compounds: 20 mg/ml). 

(2) Preparation of catalyst solution N co -catalvst solution N prepared above and 0.2 
The catalyst solution N was P^^ 9 "^ Sg the Resultant mixture for one hour at room 

mol of the complex slurry B prepared in Example 14(1) and stirring 

temperature. 

(3) Polymerization of ethylene Example 1 4(2) except for using the 

^srr^^s^i^- - p— - — - — 

activity was 330 kg/gFe/h, which was about a half of Example 14. 



Example 15 
[0147] 



5 



(1) Preparation of amine/silane/layered compound co-cata,yst component O for polymerizing viny, compounds 
nhe^ 

in the same manner as in Example 12(1) ^^^"fl^J^^afcyiamlne) instead of 2.5 g of Na- 
Kunimine Kogyo Co., Ltd.) and 0.242 g <* m ™.)^ 

montmorillonite (BEN-GEL, available f rorr '^^^^^e manne 9 r as in Example 1 2(1 ), the co-catalyst 

=cTc=^^^ 

the co-catalyst component O for polymerizing vinyl compounds. 

(2) Preparation of catalyst solution O . 1mlnf10 ,, mo i/ml n-heptane solution of dimethylsilylenebis 
mixture for one hour at room temperature. 

(3) Polymerization of propylene toluene solution of triisobutylaluminum (Al 
{ } ln to a 1 .6-liter autoclave of 70°C, 400 m of dry to ue ^ ed \ 5 b ^^ Lccessivefy added in nitrogen stream, 
content: 1 .0 mooter) and all of the catalyst at 0.5 MPa-G. After 30 minutes of 
Then, propylene was pumped into the ^^J^^T^^ and the reaction liquid was rapidly 
starting the introduction of propylene, the supp* of PJjTSI reaction product was filtered and dried at 90-C 



Industrial Applicability 

[0148] Since the catalyst for producing a-olefins of the present invention has a high oligomerization activity to eth- 
ylene, a-olefins can be efficiently produced with low costs. Also, vinyl-terminated, linear a-olefins (oligomers) having 
5 a molecular weight of 10000 or less or polyolefins having a molecular weight of larger than 10000 can be efficiently 
produced with low costs by using the catalyst of the present invention. The oligomers can be used as comonomers for 
olefin polymerization for producing LLDPE, etc. or materials for synthetic lubricant oils and cleaning agents. 

10 Claims 

1 . A catalyst for producing ot-olef ins, comprising (a) a complex of Group 8 to 1 0 transition metal of the Periodic Table, 
(b) clay, clay mineral or a ion-exchangeable layered compound, and (c) an amine compound or its adduct with 
Br^nsted acid. 

2. A catalyst for producing a-olefins, comprising (a) a complex of Group 8 to 1 0 transition metal of the Periodic Table, 
(b) clay, clay mineral or a ion-exchangeable layered compound, (c) an amine compound or its adduct with Br^nsted 
acid, and (d) at least one organometallic compound selected from the group consisting of organoaluminum com- 
pounds, organomagnesium compounds, organolithium compounds and organozinc compounds. 

3. The catalyst for producing a-olefins according to claim 1 or 2, wherein a ratio of the number of carbon atoms to 
the number of nitrogen atoms of the amine compound as the component (c) is 1 0 or more. 

4. The catalyst for producing a-olefins according to any one of claims 1 to 3, wherein the component (c) is an amine 
25 compound having an aromatic ring or a hetero ring. 

5. The catalyst for producing a-olefins according to any one of claims 1 to 4, wherein the component (a) is a transition 
metal complex represented by the formula (1 ): 



15 
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or the formula (2): 



L 1 L 2 MX 1 m Y 1 n (1) 



L 1 L 2 L 3 MX 1 m Y 1 n (2) 



wherein M is a Group 8 to 10 transition metal of the Periodic Table, L 1 to L 3 may be bonded to each other to form 
a ring and are each independently a ligand capable of bonding to the transitional metal via a coordinating heter- 
40 oatom, X 1 and Y 1 may be the same or different and are each independently a covalent- or ion-bonding group, m 

and n are each independently 0 or a positive integer and the sum of m and n is 0, 1, 2 or 3 depending on the 
valence of M. 

6. The catalyst for producing a-olefins according to any one of claims 1 to 5, wherein the component (a) is a nitrogen- 
45 containing iron, cobalt or nickel chelate complex. 

7. A process for producing a-olefins, comprising a step of oligomerizing ethylene in the presence of the catalyst for 
producing a-olefins as defined in any one of claims 1 to 6. 

50 8. The process for producing a-olefins according to claim 7, wherein the oligomerization is carried out in an aliphatic 
hydrocarbon solvent. 

9. A catalyst for polymerizing olefins, comprising (a) a chelate complex of Group 4 to 6 transition metal of the Periodic 
Table or a complex of Group 8 to 1 0 transition metal of the Periodic Table, (b) clay, clay mineral or a ion-exchange- 

55 able layered compound, and (c) a quaternary ammonium salt. 

10. A catalyst for polymerizing olefins, comprising (a) a chelate complex of Group 4 to 6 transition metal of the Periodic 
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pounds and oraanozinc compounds, 
complex represented by the formula (1): 



.1,2.^1 Y 1 ( 1 ) 
L L MX m Y n 



or the formula (2): 



L 1 L 2 L 3 MX 1 m Y 1 n (2) 



lo ,„ uha p orinri j r Table L 1 to L 3 may be bonded to each other to form 
wherein M is a Group 8 to 1 0 transrtion metal of the Penodic Table, ,l o y coord inating heter- 

a ring and are each independently a «9»d£Ptf4e ^StSJ^K covalent . or i0 n-bonding group, m 

r n £ ^^^.^^-^ - - "i"" ' 1 ' 2 ° r 3 d6Pendin9 ^ ^ 
valence of M. 

containing iron, cobalt or nickel chelate complex. 

16 A process for po.ymerizing o.efins. comprising a step of ojgom erizing ethylene in the presence of the catalyst for 

' polymerizing olefins as defined in any one of claims 9 to 15. 
,7. The process for poiymerizing o.efins according to claim 16, wherein the polymerization is carried out in an aliphatic 
hydrocarbon solvent. 

nium salt, and (c) an organosilane compound. 
19 The co-catalyst component for polymerizing viny. compounds according to Cairn 1 8, wherein the component (a) 
' is an ion-exchangeable, silicon-containing layered compound. 

alkylammonium salt, 
atoms is 8 or more. 



23. The co-catalyst component for polymerizing vinyl compounds according to any one of claims 18 to 22, wherein 
the component (c) is an organosilane compound represented by the following formula: 

R^rSiX^ 

wherein R 26 is a group having a carbon or silicon atom which is directly bonded to Si or hydrogen, X is halogen 
or a group having an oxygen or nitrogen atom which is directly bonded to Si, r is an integer from 1 to 3, and a 
plurality of R 26 groups or X groups, if present, may be the same or different from each other. 

24. The co-catalyst component for polymerizing vinyl compounds according to any one of claims 18 to 23, wherein 
R 26 is alkyl, benzyl or aromatic group and X is halogen or oxygen-containing group.. 

25. A catalyst for polymerizing vinyl compounds : comprising (d) the co-catalyst component for polymerizing vinyl com- 
pounds as defined in any one of claims 1 8 to 24, and (e) a complex of Group 4 to 6 transition metal of the Periodic 
Table or a complex of Group 8 to 1 0 transition metal of the Periodic Table. 

26. A catalyst for polymerizing vinyl compounds : comprising (d) the co-catalyst component for polymerizing vinyl com- 
pounds as defined in any one of claims 1 8 to 24, (e) a complex of Group 4 to 6 transition metal of the Periodic 
Table or a complex of Group 8 to 1 0 transition metal of the Periodic Table, and (f) an organoaluminum compound. 

27. The catalyst for polymerizing vinyl compounds according to claim 25 or 26, wherein the component (e) is a complex 
of Group 4 to 6 transition metal of the Periodic Table having a five-membered carbon ring or a complex of Group 
4 to 6 or Group 8 to 1 0 transition metal of the Periodic Table having a ligand which coordinates the transition metal 
via a hetero atom. 

28. The catalyst for polymerizing vinyl compounds according to any one of claims 25 to 27, wherein the transition 
metal of the component (e) is selected from the group consisting of titanium, zirconium, hafnium, vanadium, chro- 
mium, nickel, cobalt and iron. 

29. A process for producing polymers of vinyl compounds, comprising a step of polymerizing at least one vinyl com- 
pound selected from the group consisting of olefins, styrene, styrene derivatives, acrylic derivatives and vinyl esters 
of fatty acids in the presence of the catalyst for polymerizing vinyl compounds as defined in any one of claims 25 
to 28. 

30. The process for producing polymers of vinyl compounds according to claim 29 : wherein the vinyl compound is 
ethylene, propylene or styrene. 

31. The process for producing polymers of vinyl compounds according to claim 29 or 30, wherein the polymerization 
of the vinyl compounds is carried out in a saturated hydrocarbon. 

32. The process for producing polymers of vinyl compounds according to any one of claims 29 to 31, wherein the 
polymers of vinyl compounds are vinyl-terminated oligomers having a number average molecular weight of 1 0000 
or less. 
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